Many researchers have suggested that the role of glucan-mediated interactions in the adherence of Streptococcus mutans is restricted to accumulation of this cariogenic bacterium following its sucrose (i.e., glucan)-independent binding to saliva-coated tooth surfaces. However, the presence of enzymatically active glucosyltransferase in salivary pellicle suggests that glucans could also promote the initial adherence of S. mutans to the teeth. In the present study, the commonly used hydroxyapatite adherence assay was modified to include the incorporation of glucosyltransferase and the synthesis of glucans in situ on saliva-coated hydroxyapatite beads. Several laboratory strains and clinical isolates of S. mutans were examined for their ability to adhere to experimental pellicles, either with or without the prior formation of glucans in situ. Results showed that most strains of S. mutans bound stereospecifically to glucans synthesized in peilicle. Inhibition studies with various polysaccharides and fungal dextranase indicated that al,6-linked glucose residues were of primary importance in the glucan binding observed. Scanning electron microscopic analysis showed direct binding of S. mutans to hydroxyapatite surface-associated polysaccharide and revealed no evidence of trapping or cell-to-cell binding. S. mutans strains also attached to host-derived structures in experimental peilicles, and the data suggest that the bacterial adhesins which recognize salivary binding sites were distinct from glucan-binding adhesins. Furthermore, glucans formed in experimental pellicles appeared to mask the host-derived components. These results support the concept that glucans synthesized in salivary peilicle can promote the selective adherence of the cariogenic streptococci which colonize human teeth.
The synthesis of extracellular glucans from dietary sucrose contributes to the virulence of Streptococcus mutans, S. sobrinus, and S. cricetus, the three species of mutans streptococci most commonly associated with the etiology of dental caries in humans (6, 9, 17) . Results from several studies have shown that glucan synthesis catalyzed by bacterial glucosyltransferase (GTF) can enhance the pathogenic potential of dental plaque by promoting the accumulation of large numbers of cariogenic streptococci on the teeth of humans and experimental animals (12, 23, 47) . Although glucan production is not required by S. mutans or S. sobrinus for initial adherence to saliva-coated surfaces in vitro (5, 13, 44) or for colonization of the teeth of humans or laboratory animals in vivo (48, 49) , evidence from several studies suggests that glucan-dependent adherence and accumulation by cariogenic streptococci are critical processes in the development of pathogenic dental plaque, especially on smooth surfaces of the teeth (17, 22, 47) .
Many strains of S. mutans and S. sobrinus react with glucans and are agglutinated by minute amounts of highmolecular-weight dextrans (9, 15, 32) . Glucan binding appears to be unique to the mutans group of oral streptococci, and it is associated with the expression of multiple glucanbinding adhesins by these bacteria (31, 39) . S. mutans and S. sobrinus produce multiple GTF isoenzymes which display a high affinity for glucans (32, 33, 39) . Although the GTFs are secreted enzymes, under certain conditions they can become strongly associated with streptococcal cell surfaces and can apparently mediate glucan-induced agglutination (18) . In addition to GTFs, S. mutans and S. sobrinus are known to produce non-enzymatic glucan-binding proteins (GBPs). For example, Russell (39) isolated a 74.0-kDa GBP from S. mutans 3209 which was devoid of detectable GTF activity. Subsequently, a gene coding for a nonenzymatic GBP was isolated from S. mutans 3209 (40) , and a similar gene has been identified in S. mutans . Similarly, McCabe and Hamelik (31) have reported the isolation of multiple, nonenzymatic GBPs from S. sobrinus 6715. Results from studies by Mooser and Wong (33) suggest that at least some of the S. sobrinus GBPs are proteolytic breakdown products of GTFs.
Many researchers have suggested that glucan binding functions primarily in the sucrose-induced accretion of cariogenic streptococci, following their sucrose (i.e., glucan)-independent adherence onto saliva-coated surfaces of the teeth (5, 44) . However, evidence indicates that glucan binding could also play a role in the initial adherence of S. mutans and S. sobrinus to the teeth. For example, results from several studies have demonstrated that enzymatically active GTF is present in the soluble fraction of whole human saliva and is incorporated into the initial salivary pellicle which forms on the teeth (38, 41) . In addition, data from in vitro studies indicate that GTF incorporated into salivary pellicle expresses enhanced enzymatic activity and that a large proportion of the glucans formed in situ is retained in the pellicle (43) . As constituents of pellicle, GTF and product glucans could directly influence the initial adherence of cariogenic streptococci to tooth surfaces by providing selective binding sites recognized by GBPs. Most model systems designed to mimic bacterial adherence to saliva-coated tooth surfaces have not included the potential effects of enzymatically active GTF in pellicle. experimental pellicles derived from glandular saliva or "heat-inactivated" whole saliva, both of which lack GTF activity (4, 5, 44) . Furthermore, methods designed to study the role of glucan-mediated interactions have usually involved measurement of streptococcal attachment in the presence of sucrose and therefore have not distinguished between bacterial adherence and accumulation (5, 22, 44) .
It has been reported (14) that strains of S. sobrinus, but not strains of S. mutans, bind specifically to glucans on apatitic surfaces; conversely, S. mutans strains, but not S. sobrinus strains, were found to bind to salivary components in experimental pellicles. The suggestion was made that the two species of cariogenic streptococci have distinct binding sites on the teeth (14) . However, because S. mutans produces multiple GBPs, the reported inability of S. mutans strains to bind to glucans on apatite surfaces is surprising and may reflect differences among laboratory strains.
In the present study, the commonly used saliva-coated hydroxyapatite (HA) adherence assay was modified to allow synthesis of glucans in situ in salivary pellicle prior to bacterial binding. Adherence experiments were conducted with S. mutans GS-5, a strain which does not bind appreciably to host-derived components of pellicle (35) . In addition, several other laboratory strains and clinical isolates of S. mutans were examined for their ability to adhere to experimental pellicles, with and without the prior formation of glucans in situ. Inhibition studies utilizing various glucans and fungal dextranase were also carried out to determine the anomeric structures which are of primary importance in the glucan binding. Furthermore, scanning electron microscopy (SEM) and separation using colloidal silica were used to examine the orientation and state of aggregation of the streptococci bound to the experimental pellicles.
(Preliminary data from this study were reported in the proceedings of the Eleventh International Conference on Oral Biology, [5] [6] [7] September 1988, Hong Kong [42] .) MATERIALS AND METHODS Bacterial strains and cultivation. The strains of S. mutans used in these studies are listed in Table 1 . Streptococcal strains were maintained on a solid (1.7% agar) or a liquid medium containing 2.5% tryptone, 1.5% yeast extract, 0.5% K2HPO4, and 0.1% MgSO4, supplemented with 1.0% fructose (TYF). We used fructose because of concern that glucose may be contaminated by dextran. Alternatively, the streptococci were grown in a "semidefined" medium (SDM) containing 1.5% Casamino Acids (Difco Laboratories), 0.13% NH4S04, 0.44% KH2PO4, 0.68% K2HPO4, 0.04% MgSO4, 1.0% BME vitamin mixture (GIBCO Laboratories), and 1.0% fructose. Strains were stored at 70°C in either TYF or SDM supplemented with 10.0% glycerol.
Prior to storage, most S. mutans strains were grown on glass rods in the presence of 3.4% sucrose to permit adherent growth of the bacteria. The glass rods harboring attached bacteria were transferred four or five times into fresh sucrose-containing medium to build up adherent plaques, and then the bacteria were scraped from the glass rods and cultured on TYF plates. The bacteria were then grown in TYF or SDM broth and stored at -70°C. Preparation of the streptococcal strains in this manner generally enhanced their ability to adhere to experimental pellicles, compared with the same strains which had been passaged several times in the laboratory prior to storage. The serotypes of all streptococcal strains were confirmed by direct immunofluorescence, using fluorescein-conjugated serotype-specific antisera.
GTF preparation. The GTF used to make experimental pellicles for the in vitro bacterial adherence studies was prepared from S. mutans GS-5 culture fluid. Bacteria from a starter culture were inoculated into dialysis tubing (molecular weight cutoff = 12,000) containing 150.0 ml of SDM, immersed in 2 liters of the same medium. The streptococci were grown in the dialysis tubing to concentrate secreted exoproteins. Following overnight growth at 37°C with stirring, the cells were removed by centrifugation at 12,000 x g and the culture supernatant (usually pH 5.0 to 5.5) was adjusted to pH 6.5 by addition of NaOH. The protease inhibitor phenylmethylsulfonyl fluoride (PMSF) and the preservative NaN3 were added to the culture supernatant fluid to give final concentrations of 1.0 and 3.1 mmol, respectively. This concentrated culture supernatant was subjected to diafiltration against a buffer containing 50.0 mmol of KCI, 1.0 mmol of CaC12, 1.0 mmol of potassium phosphate, and 0.1 mmol of MgCl2 (pH 6.5) (referred to as buffered KCl) over a 30,000-molecular-weight cutoff ultrafiltration membrane (Amicon YM30) in a stirred-cell ultrafiltration device (Amicon model 8400). The S. mutans GS5 GTF preparations used for these experiments polymerized between 0.02 and 0.05 ,umol of glucose per ml per min, as determined by the radioactive GTF assay described below.
In vitro bacterial adherence assay. In the present study, a model for bacterial adsorption to HA similar to that described by Clark et al. (4) was modified to include the incorporation of GTF in the experimental pellicles formed on HA beads. A diagrammatic summary of the modified bacterial adherence assay is shown in Fig. 1 .
To radiolabel bacteria, streptococci were grown in SDM containing 10 used in all experiments. BSA-coated HA served as a control surface; studies have shown that treatment of HA beads with BSA drastically reduces adherence of oral streptococci to beads (14) .
Following the initial treatment, the HA beads were washed and treated for 60 min at 37°C with GTF (prepared as described above) to permit incorporation of the enzyme into the experimental pellicles; control samples were treated with buffered KCl. Next, the HA beads were washed and incubated for 120 min at 37°C with 1.0 ml of 100. 
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To quantitate bacterial adherence to experimental pellicles, prepared HA beads were combined in polypropylene microcentrifuge tubes with 1.0 ml of [3H]thymidine-labeled streptococci, suspended at the appropriate concentration in buffered KCI, and incubated for 1.0 h at 37°C with gentle inversion on a hematology mixer (Thermolyne). The HA beads were then washed with buffered KCI, rinsed into vials by using scintillation fluid, and counted directly to determine the number of adherent bacteria.
Effects of passage of HA beads through colloidal silica following S. mutans adherence. To determine whether unbound glucan-induced streptococcal aggregates formed during the adherence assay, the method was modified to include passage of the HA beads harboring adherent streptococci through the colloidal silica preparation, Percoll (Pharmacia). S. mutans GS-5 (109 cells per ml), either suspended in buffered KCl or aggregated by prior incubation in 0.5 mg of dextran T500 (500,000 molecular weight; Pharmacia) per ml for 15 min at 22°C, was incubated with HA beads coated with PS plus in situ formed glucans [(PS +glucan)/HA] as per the normal adherence assay. To separate HA beads from bacterial cells and cell aggregates, the beads were rinsed into miniscintillation vials containing 4.0 ml of 100% Percoll. After the beads settled, the Percoll was aspirated and the beads were rinsed and scintillation counted to determine adherent bacteria.
Effects of exogenously added polysaccharides on S. mutans adherence to experimental pellicles. Radioactively labeled S. mutans GS-5 cells were mixed with the various polysaccharides at the concentrations indicated (see Table 4 (Fig. 2) . Treatment of the HA, PS/HA, or BSAIHA with either GTF alone or sucrose alone resulted in little change in the observed streptococcal binding, indicating that glucans provided the additional bacterial binding sites in the experimental pellicles (Fig. 2) .
Populations of mutans streptococci found in salivas from humans range from 103 to 108 cells per ml (50 (20, 51) have shown that high-molecularweight dextrans induce agglutination of S. mutans cells. Therefore, it is conceivable that desorption of in situ formed glucans from (PS+glucan)/HA could have resulted in aggregation of the bacteria, causing them to pellet with the HA beads and to be counted as bound to the experimental pellicle. To determine whether unbound, glucan-induced streptococcal aggregates formed during the adherence assay, the method was modified to include passage of the HA beads, harboring adherent bacteria, through the colloidal silica preparation Percoll (Pharmacia). Percoll is used by many researchers to separate particles or cells by density or size or both. The HA beads quickly sink to the bottom of 100% Percoll, and control experiments showed that radiolabeled S. mutans cells, in diffuse suspension or agglutinated by 500-kDa oal,6-rich dextran, were retarded by the Percoll (data not shown). Results from experiments using this technique indicated that >90% of the bacteria which were detected in the standard assay as adherent to (PS+glu-can)/HA were still attached to the HA beads even after the beads were passed through Percoll (Table 3 ). In contrast, (Fig. 3b) which was not seen on naked HA surfaces (Fig. 3a ) (x 10,000 magnification). Figure 3c , also taken at -x 10,000 magnification, shows the results of in situ glucan synthesis by GTF incorporated in the pellicle coating the beads. The glucans form an amorphous polymeric layer which appears to cover a large proportion of the HA surface. The sample shown in Fig. 3b differs from that shown in Fig. 3a only in that the HA beads were incubated with sucrose for 2.0 h prior to preparation for SEM. It is apparent from SEM analysis that in situ formed glucans remain attached to the apatite surface and provide new surfaces in pellicle for potential interactions with bacteria.
To visualize adherent streptococci by SEM, pelliclecoated HA beads, with and without in situ formed glucans, were incubated with S. mutans GS-5 cells as per the standard adherence assay. After rinsing the HA beads with buffer to remove unbound bacteria, the beads were fixed and prepared for SEM as described above. The photomicrograph (x 10,000 magnification) in Fig. 3d shows HA beads coated with PS and GTF (no sucrose added) which had been incubated with S. mutans GS-5 at a concentration of 2 x 109 cells per ml. No glucans were present in the pellicle and, as can be seen, very few bacteria are visible in the field of view.
However, as shown in Fig. 3e , when the same number of bacteria (2 x 109 cells per ml) was added to HA beads coated with salivary pellicle containing in situ formed glucans, much higher numbers of bacteria attached to the HA surfaces. The only difference between the samples shown in Fig. 3d and e was the presence of glucans in the pellicle. The difference between the number of adherent bacteria in the two samples is striking and provides additional evidence that in situ formed glucans promoted the adherence of S. mutans cells to saliva-coated HA surfaces. Higher magnification (Fig. 3f, of the streptococci to the pellicles containing glucans and the level of binding to pellicles formed from PS alone appeared to approximate the results obtained utilizing the radioactive bacterial adherence assay. Second, examination of several microscopic fields showing the surface of HA beads which harbored in situ formed glucans and adherent bacteria failed to detect any evidence of cell-to-cell aggregation. Further experiments were performed to ensure that the absence of cellular aggregates on the pellicles harboring glucans was not because of their being lost during preparation of the HA beads for SEM. Control samples which were formed by incubating (PS+glucan)/HA beads with mixtures of highmolecular-weight (2,000,000) soluble dextran and S. mutans GS-5 (i.e., aggregation-inducing conditions) showed evidence of adherent streptococcal aggregates which survived sample preparation for SEM (not shown). Finally, results from SEM analysis suggested that nonspecific trapping of bacteria did not play a role in the observed adherence of the S. mutans to in vitro pellicles containing glucans. Little, if any, glucan was detected covering the exposed surface of the streptococci in any field examined. In most instances, the bacteria were seen to bind in a monolayer on experimental pellicle surfaces.
Specificity of binding of S. mutans to experimental pellicles: effect of exogenously added polysaccharides. Various polysaccharides were added to suspensions of bacteria prior to incubating them with experimental pellicles (Table 4 ). The binding of S. mutans GS-5 to PS/HA and (PS+glucan)/HA in the presence of various polysaccharides was compared with that observed for bacteria suspended in buffer alone. Results indicated that low-molecular-weight (9,000) dextrans rich in al,6 linkages were the most effective inhibitors of binding to in situ formed glucans. Presumably the 9,000-molecularweight dextrans interacted with glucan-binding adhesins, but were too small to cross-link the streptococcal cells. Quantitation of streptococcal adherence in the presence of highmolecular-weight (500,000) al,6-rich dextrans was complicated by the formation of large aggregates of bacteria which were difficult to separate from the HA beads. However, this aggregation also suggested that adhesins on S. mutans mediated stereospecific interactions with al,6-linked glucose residues. Addition of mutan, an insoluble glucan prepared from S. sobrinus GTF which has been shown by others to be a highly branched insoluble heteroglucan (mostly al,3-glucose, some al,6-glucose) (16) , also gave variable results because of aggregation of the bacteria. The two other glucans tested, starch (al,4-glucose) and nigeran (alternating al,3;a1,4-glucose) did not influence binding of the streptococci to in situ formed glucans and did not induce their aggregation.
The ability of 9,000-molecular-weight dextran to inhibit binding of S. mutans to experimental pellicles was tested over a range of dextran concentrations (Fig. 4) . The degree of inhibition of S. mutans adherence to (PS+glucan)/HA was directly related to the concentration of the low-molecularweight dextran. In contrast, adherence to PS/HA was only slightly inhibited by the 9.0-kDa dextran, and the inhibition was not related to dextran concentration. These results suggest that structures composed of cl,6-linked glucose residues provide specific binding sites for S. mutans GS-5 in (PS +glucan)/HA.
The S. mutans GS-5 GTF preparation used in these experiments also contains low levels of active fructosyltransferase which synthesizes fructans from sucrose. To determine whether the fructosyl structures played a role in S. mutans adherence, exogenously added fructans were also tested for their influence on adherence of S. mutans GS-5 to experimental pellicles. As seen in Table 4 , the addition of inulin (mostly P2,1-fructose) or levan (mostly P2,6-fructose) in bacterial suspensions did not inhibit binding of S. mutans GS-5 to (PS+glucan)/HA. These results suggest that fructans do not function as specific binding sites in pellicle for S.
mutans GS-5 and also that their presence does not interfere with glucan-mediated interactions.
In addition to the glucans and levans, some simple sugars were also tested (0.5 mg/ml) for their effects on adherence.
The disaccharides isomaltose (6-O-ot-D-glucopyranosyl-Dglucopyranose) and nigerose (3-0-a-D-glucopyranosyl-Dglucopyranose) and the trisaccharide melezitose (glucopyranosyl-sucrose) did not affect adherence of S. mutans GS-5 to (PS+glucan)/HA or PS/HA (data not shown).
Effects of dextranase treatment of experimental pellicles. The specificity of S. mutans adherence to pellicles containing in situ formed glucans was explored further in studies involving treatment of experimental pellicles with fungal dextranase (ol,6-D-glucan 6-glucan hydrolase; Penicillium sp.). Results showed that S. mutans adherence to (PS+glucan)/HA was greatly reduced by prior treatment of the experimental pellicle with dextranase (Fig. 5) . Furthermore, S. mutans adherence to PS/HA, which is devoid of glucans, was also significantly inhibited by dextranse treatment, suggesting that the enzyme preparation was contaminated by proteases (Fig. 5) . Therefore, the protease inhibitors PMSF and soybean trypsin inhibitor were added to the dextranase preparation used to treat the in vitro pellicles. As shown in Fig. 5 , inclusion of the protease inhibitors during dextranase treatment of PS/HA restored binding of S. mutans GS-5 to control levels. In contrast, streptococcal adherence to (PS+glucan)/HA was drastically reduced by dextranase treatment of the pellicle, with or without protease inhibitors present. Binding to (PS+glucan)/HA was partially restored to control levels when the dextranase was heat treated (70°C, 1.0 h) prior to use. These results further implicate al,6-linked glucose residues as forming the binding sites for S. mutans GS-5 in (PS+glucan)/HA. The dextranase preparation used in these experiments hydrolyzed 9,000-and 500,000-molecular-weight, al,6-rich dextrans but failed to catalyze hydrolysis of nigeran or mutan as detected by using glucose oxidase (45) to determine glucose and dinitrosalicylic acid to determine reducing sugar (29) .
Adherence of various laboratory strains and clinical isolates of S. mutans to experimental peilicles. Results obtained in the present study showed that S. mutans GS-5 bound in low numbers to experimental pellicles derived from PS. However, results from studies by others indicate that strains of S. mutans differ with respect to their ability to bind to host- derived components in salivary pellicle (14) . In addition, evidence from several studies has shown that the ability of S. mutans to be agglutinated by soluble dextrans also varies from strain to strain and can be lost upon repeated passage of the bacteria in vitro (15, 25) . Therefore, several laboratory strains and clinical isolates of S. mutans were tested for the ability to attach to glucans formed in situ in pellicle.
The laboratory strains used in the present study have been studied by researchers for many years and have been passaged numerous times in vitro. Results showed that the ability of the laboratory strains of S. mutans to bind to glucans formed in situ varied greatly from strain to strain (Table 5 ). Five of eight laboratory strains tested bound in significantly higher numbers to (PS+glucan)/HA than observed for PS/HA; these included serotype c strains GS-5, C10449, NG-8, and Ingbritt, serotype e strain V100, and serotype f strain OMZ175. In contrast, in situ formed glucans did not promote binding of serotype c strains, Ingbritt, and MT8148 to experimental pellicles.
Laboratory strains of S. mutans also were highly variable c by using type-specific fluorescent antisera. b All strains were added at 109 cells per ml, except S. mutans GL-1, which was added at 2.0 x 109 cells per ml. Data shown are means (n = 3) from a single experiment.
with respect to binding to pellicles formed from PS alone. Strains Ingbritt R, V100, and OMZ175 bound in significantly higher numbers to PS/HA than observed with the other strains; S. mutans GS-5 displayed the lowest binding to PS/HA. It is important to note that, among laboratory strains of S. mutans, the ability to bind to host-derived pellicle constituents varied independently from the ability to adhere to in situ formed glucans.
Clinical isolates of S. mutans were also tested for their ability to adhere to experimental pellicles ( Table 6 ). The isolates were obtained from one source and have not been repeatedly subcultured in vitro. As shown in Table 6 , most of the S. mutans isolates bound in highest numbers to pellicles containing glucans. However, they varied greatly in their relative ability to attach to pellicles formed from PS alone. Isolates GL-1 and GL-2 bound poorly to PS/HA and resembled S. mutans GS-5 in their overall adherence properties. In contrast, the remaining isolates bound in significantly higher numbers (four-to eightfold higher) to PS/HA than observed for BSA/HA.
For those S. mutans strains which bound in high numbers to both PS/HA and (PS+glucan)/HA, it was necessary to determine the contribution of host-derived components versus in situ formed glucans in forming the bacterial binding sites in (PS+glucan)/HA. Therefore, several of the isolates were also tested for adherence to PS/HA and (PS+glu-can)/HA in the presence of soluble, low-molecular-weight dextrans, which act as specific inhibitors of binding to glucans in pellicle. As shown in Table 7 , the addition of 1.0 mg of dextran (9, Results from SEM and separation studies with colloidal silica indicated that adherence of S. mutans GS-5 to pellicles containing in situ formed glucans involved binding of the streptococci to HA surface-associated polysaccharides and was not caused by cell-to-cell binding (Table 3 ; Fig. 3) . Furthermore, no evidence of nonspecific trapping on the surfaces of the beads was revealed by SEM. These results appear to be in contrast to those obtained by Staat et al. (44) , who used SEM to examine S. sobrinus 6715, which attached to saliva-coated HA surfaces in the presence and absence of sucrose. The S. sobrinus cells which attached to HA in the presence of sucrose displayed extensive glucan-mediated cell-to-cell adherence; streptococci which bound to HA in the absence of sucrose were observed to bind in discrete units. Based on these and other data, Staat et al. (44) concluded that glucan-mediated adherent interactions were important for accumulation of S. sobrinus on saliva-coated surfaces and were not involved in their initial adherence. Data from the present study conflict with observations reported by Gibbons et al. (14) . Results of their studies showed that specific strains of S. mutans, including S. mutans JPB, were not able to bind to glucans on apatite surfaces, but did interact with host-derived components in experimental pellicles. Most (15) showed that S. mutans GS-5 which had been subcultured repeatedly was not agglutinated by high-molecular-weight dextrans. However, in the same study, another strain of S. mutans GS-5 (GS-5MR), provided by Bowen and colleagues after reisolation from a monkey, was readily agglutinated by dextran. These observations emphasize the potential problems associated with studying the adherence of laboratory strains of streptococci which may have been repeatedly passaged in vitro.
Properties of the interactions which mediate S. mutans binding to glucans formed in pellicle. Glucans synthesized by streptococcal GTF are generally mixed heteropolymers composed predominantly of al,6-and al,3-linked glucose residues (11, 16) . However, data from the present study indicate that al,6-linked glucosyl structures are critical in binding of S. mutans (Table 4 ; Fig. 4 (9) demonstrated that glucan-induced agglutination of S. cricetus AHT was inhibited by lowmolecular-weight glucans rich in al, 6 linkages, but not by glucans composed predominantly of other anomeric linkages. Furthermore, Landale and McCabe (26) utilized an affinity electrophoresis system to show that a GBP isolated from S. sobrinus 6715 specifically recognized ligands composed of al,6-linked glucose residues.
The specific adhesins which mediated the binding of S. mutans strains to glucans formed in pellicle remain to be identified. In the present study, S. mutans strains were grown under conditions which favor low levels of cellassociated GTF activity. However, in vivo, both GTF and non-GTF GBPs probably play a role (17, 18, 33, 40) . The non-GTF glucan-binding adhesins produced by S. mutans include GBP, the product of the gbp gene which was first isolated by Russell and colleagues (40) . Recently, Perry and Kuramitsu (37) reported the location of gbp in a region on the chromosome of S. mutans GS-5 which contains several sucrose-metabolizing genes. Antibodies raised against GBP have been shown to inhibit sucrose-dependent accumulation of S. mutans Ingbritt on glass surfaces (7). However, anti-GBP and anti-GTF antisera failed to inhibit dextran-induced agglutination of S. mutans Ingbritt, suggesting that S. mutans produces non-GTF GBPs other than GBP (7).
Protein P1 (1) (also designated AgB [8] , Ag I/II [1] , and Pac [36] ), which has been implicated in the binding of S. mutans to saliva-coated surfaces (1, 8, 36) , has also been identified as a potential glucan-binding adhesin. Douglas and Russell have shown that antibodies specific for P1 inhibit sucrose-induced accumulation of S. mutans on glass surfaces (7). However, despite the indirect evidence of a role for P1 in glucan binding, results from the present study suggest otherwise. S. mutans GS-5 was found to bind quite well to glucans in pellicle, even though available evidence suggests that this strain produces a variant form of P1. The P1 produced by S. mutans GS-5 is aberrantly small (35) (i.e., 155,000 instead of the normal 190,000 molecular weight), and very little P1 is found associated with the surface of S. mutans GS-5. Instead, most of the protein is released into the bacterium's culture fluid (1, 21) .
We have recently obtained further evidence that P1 is not involved in glucan binding by S. mutans (2) . An isogenic Pl-minus mutant of S. mutans NG8 (28) was found to attach to PS-coated HA in much lower numbers than its parent strain, but still bound at very high levels to pellicles containing in situ formed glucans and still successfully colonized rats fed a sucrose-rich diet (2).
Expression of multiple mechanisms of adherence by strains of S. mutans. Although S. mutans GS-5 bound poorly to pellicles derived from host-derived salivary components, several other laboratory strains and clinical isolates of S. mutans were found to bind at high levels to pellicles derived from PS (Tables 5 and 6 ). Furthermore, the adherence of many of these same strains was also promoted by the presence of in situ formed glucans. These results suggest that S. mutans expresses multiple adhesins with differing specificities that are able to mediate attachment of the bacteria to host-derived and bacterium-derived binding sites on tooth surfaces, an observation consistent with that reported for many other species of plaque bacteria (3, 13, 34) .
Available evidence suggests that S. mutans may regulate expression of adhesins at the level of cell surface localization. Results of studies by McBride et al. (30) demonstrated that repeated passage of S. mutans in vitro resulted in the generation of hydrophillic variant strains which were unable to incorporate several extracellular proteins in their cell walls; instead, the proteins (including protein P1) were released into the surrounding medium). These strains showed decreased adherence to saliva-coated HA and reduced implantibility on the teeth of human volunteers (46) .
The ability of S. mutans to bind to glucans is also diminished by repeated passage in vitro (15, 25) . However, results from the present study indicate that the expression of glucan-binding adhesins is regulated by mechanisms which are different than those controlling the expression of salivabinding adhesins. Results showed that the ability of several S. mutans strains to bind to in situ formed glucans varied independently of their ability to bind to host-derived binding sites in pellicle (Tables 5 and 6 ).
Steric effects of glucans on host-derived components in pellicle. One (Table 7) . The apparent blocking of host-derived S. mutans binding sites by in situ formed glucans suggests that glucans formed in pellicle could influence adherence by other species, such as S. sanguis, S. mitis, and Actinomyces viscosus, which bind specifically to adsorbed host-derived salivary components (3, 13, 34) . It is tempting to speculate that GTF and product glucans on tooth surfaces may influence the pathogenic potential of plaque by selectively promoting binding of the mutans streptococci at the expense of other bacterial species and by protecting the adherent bacteria from some of the inimical forces which threaten their survival (43) . In these ways, GTF may act as a virulence factor in a context not previously considered.
